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Abstract 
Aim. To compare, clinically and radiographically, short dental implants (6mm) to long implants 
(11-15 mm) placed with sinus grafting. 
Methods. Participants with 5-7 mm of bone height in the posterior maxilla were randomly 
allocated to receive short implants (GS) or long implants with sinus grafting (GG). Implants 
were loaded with single crowns 6 months after placement (PR). Patients were re-evaluated 12 
months after loading (FU-1). Outcome variables included: Implant survival rate (CSR), marginal 
bone level alteration (MBL), periodontal probing depth (PPD), bleeding on probing (BoP), 
plaque control record (PCR) and  crown-to-implant ratios (C/I). Statistical analysis was 
performed using non-parametric tests. 
Results: In 97 subjects, 132 implants were re-evaluated at FU-1. The CSR was 100%. The MBL 
from implant placement (IP) to (PR) was -0.22±0.4mm for GG and -0.3±0.45mm for GS 
(p<0.001). MBL from IP to FU-1 was -0.37±0.59mm for GG and -0.22±0.3mm for GS  
(p<0.001). Intergroup comparisons showed non significant differences for MBL (p>0.05), PPD ( 
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p=1) and PCR ( p=0.09). BoP was higher in the GS (p=0.04). The C/I was 0.99 ±0.17 for GG 
and 1.86 ± 0.23 for GS (p<0.001). No correlation was observed between C/I and MBL, (GG: 
p=0.13; GS: p=0.38). 
Conclusions: Both treatment modalities provided similar outcomes.  
 
CLINICAL RELEVANCE 
Scientific rationale for the study: an increased pneumatization of the maxillary sinus and loss of 
alveolar bone may result in an atrophic posterior maxilla. In these cases, implant therapy is 
conducted using a sinus floor elevation procedure in combination with the placement of longer 
dental implants. This procedure is associated with morbidity and a relatively high rate of 
complications. Therefore, the use of shorter dental implants without sinus grafting has been 
proposed. 
Principal findings: Both treatment options demonstrated similar outcomes at 1 year of function 
with respect to implant survival rates and marginal bone level alterations. Crown to implant ratio 
was not found to affect the marginal bone level. 
Practical implications: Within the limitations of this study both treatment options can be 
recommended to restore the posterior maxilla with dental implants. 
 
Introduction 
Following tooth loss, the residual ridge undergoes continuous modeling and remodeling 
processes (Araujo and Lindhe, 2005). In particular, the modeling process in the posterior maxilla 
is the result of alveolar ridge resorption and an increased maxillary sinus pneumatization (Farina 
et al., 2011). Sinus floor elevation using a trans-alveolar or a lateral window approach (Boyne 
and James, 1980, Summers, 1994), is considered the gold standard to augment the atrophic 
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posterior maxilla in a cranial direction. Sinus floor elevation procedures using the lateral window 
approach have proven to be predictable, providing high implant survival rates, either using 
simultaneous implant placement or a staged approach (Pjetursson et al., 2008).  
 
An alternative treatment strategy, in case of reduced bone volume, is the use of short dental 
implants (Renouard and Nisand, 2005). This approach may offer several advantages when 
compared to sinus augmentation procedures, including fewer interventions, shorter treatment 
time, reduced costs and a lower patient morbidity Recent systematic reviews on survival rates of 
short dental implants showed outcomes similar to longer implants (Srinivasan et al., 2013, 
Annibali et al., 2012, Sun et al., 2011, Atieh et al., 2012, Telleman et al., 2011). However, the 
peak failure rate of short implants (<10mm) was found to be 2.5 years earlier when compared to 
longer implants (Monje et al., 2013). This might be attributed to the lower amount of supporting 
bone surrounding short implants.  Hence, in addition to implant survival rates, the marginal bone 
level stability becomes a very important parameter to evaluate (Garaicoa-Pazmino et al., 2014, 
Monje et al., 2013).  For that purpose, measurements of marginal bone level alterations (MBL), 
have been utilized to assess the long-term performance of dental implants. Originally, a mean 
crestal bone loss of ≥1,5mm after the first year of function and a ≥0,2 mm loss per year 
afterwards,  were considered as threshold values to determine implant success (Albrektsson et 
al., 1986). Thereafter, this success criterion has been revised, since a smaller amount of MBL 
could be observed long-term, in well-maintained patients (Roos et al., 1997).  Recent 
randomized controlled studies evaluating simultaneous placement of implants with sinus floor 
elevation, reported an average MBL ranging from   -1,2 mm to -0.1 mm (Esposito et al., 2011, 
Cannizzaro et al., 2013, Gulje et al., 2014, Pistilli et al., 2013) after 1 year  of function. In 
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comparison, randomized controlled studies on shorter dental implants (<8mm) in posterior 
maxilla rendered a MBL averaging  from -1.02 mm to -0.1mm (Esposito et al., 2014, Cannizzaro 
et al., 2013, Gulje et al., 2013, Gulje et al., 2014, Pistilli et al., 2013, Esposito et al., 2011) 
 
One of the concerns raised by clinician using shorter dental implants, is the possible detrimental 
effect on MBL and implant survival in case of an increased crown to implant ratio (C/I) (Blanes, 
2009, Garaicoa-Pazmino et al., 2014). It has been suggested that loading forces of high 
magnitude may affect marginal bone stability (Isidor, 2006). A C/I between 0.5 to 1 was 
proposed to limit the amount of non-axial forces and to reduce the risk of excessive crestal bone 
loss (Glantz and Nilner, 1998). Despite these clinical recommendations, the current evidence 
seems to indicate that MBL is not influenced by the C/I (Garaicoa-Pazmino et al., 2014). 
However, in the majority of the available studies, short implants were splinted to longer ones and 
to date, limited information is available on short implants supporting unsplinted crowns in the 
posterior maxilla. 
 
Even though, both treatment approaches for the atrophic maxilla, short dental implants and sinus 
elevation plus longer implants demonstrated to be clinically successful in terms of survival rates 
of dental implants, only a limited number of studies compared both procedures in a randomized 
controlled clinical trial (Thoma et al., 2015b). In order to provide more scientific data, a 
multicenter randomized controlled clinical trial was performed. In part 1 report of the study, 
patient centred outcomes, cost and treatment time were compared between short implants  and 
implants  11-15 mm long placed in combination with sinus elevation with lateral window. The 
results suggested a significantly lower morbidity, cost and treatment time when using short 
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implants(Thoma et al., 2015a). Clinical and radiographic data were not provided so far. The aim 
of the present study was therefore to test whether or not the use of short dental implants (6mm) 
results in similar clinical and radiographic outcomes compared to long implants (11-15mm) in 
combination with sinus grafting  
 
Materials and methods 
The present trial was designed as a prospective, randomized controlled, multicenter study. Five 
clinical centers participated. An investigator meeting for calibration was done prior to study 
initiation. After approval by the respective local ethics committees, 101 patients were recruited 
and signed the informed consent before entering of the study.  
 
The design of the experimental study was previously described in detail(Thoma et al., 2015a). 
Briefly, subjects with partial edentulism in the posterior maxilla, with a residual bone height of 
5-7 mm and ridge width of ≥ 6 mm, were considered for the study. In sites with 5 mm of bone 
height, implants were inserted without additional treatments. The implants were placed 
penetrating 1 mm inside the sinus and no precautions were taken to prevent the perforation of the 
Schneiderian membrane. 
 
Inclusion and exclusion criteria are presented in Fig. 1. Qualifying participants were randomly 
allocated to receive either one of the following treatments: group short (GS), placement of 1-4 
implants 6 mm in length and 4 mm in diameter (ASTRA TECH Implant System OsseoSpeed
TM
 
4.0S; DENTSPLY Implants, Mölndal, Sweden) or group graft (GG) placement 1-4 implants 
11,13 or 15 mm in length and 4 mm in diameter (ASTRA TECH Implant System OsseoSpeed
TM
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4.0S; DENTSPLY Implants, Mölndal, Sweden) in combination with sinus grafting using a lateral 
window technique (Boyne and James, 1980). Visit schema and study timelines are reported in 
Appendix 1. 
  
Surgical Treatment (IP) 
Implant placement was performed according to the manufacturer’s recommendations (ASTRA 
TECH Implant System; DENTSPLY Implants, Mölndal, Sweden). Preoperatively, patients were 
pre-medicated with antibiotics and analgesics (according to the center’s normal routine) and 
subsequently rinsed with 0.2% chlorhexidine solution for one minute. The surgical procedure 
was performed under local anesthesia. Parenteral oral or intravenous sedation was utilized upon 
the surgeon’s preference. The sinus was grafted using a xenograft (Bioss Granules, Geistlich-
Switzerland) and the window closed using a resorbable membrane (Biogide, Geistlich-
Switzerland). No further bone substitute materials were applied. The implants were left for a 
trans-mucosal healing. In case of poor primary stability, as judged by the investigator, a 
conventional two-stage approach was used. Patients were instructed to rinse with 0.12% 
chlorhexidine solution (twice a day until suture removal) and were given antibiotics and 
analgesics, if deemed necessary by the investigator and following the center’s normal routine. 
Sutures were removed 7-14 days later. 
 
Prosthetic procedures: impression (IM) and insertion of the final prosthetic reconstruction (PR) 
Five months after implant placement (IP), an impression of the implant(s) was made and a final 
restoration fabricated. In case of a submerged healing, a minimal flap elevation was performed to 
connect the abutment. Six to seven months after implant placement, the final prosthetic 
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restoration was inserted (PR). No restrictions were made regarding the material and the type of 
retention (screw-retained or cemented) and all implants were restored with single non-splinted 
crowns.  
 
Follow-up visit (FU-1) 
Twelve months after delivery of the final restoration (PR), a clinical examination was conducted. 
Plaque control record (PCR) (O'Leary et al., 1972), bleeding on probing (BoP) and probing 
pocket depth (PPD) were measured at four sites of the implant(s) (mesial, distal, buccal, lingual).  
 
Radiographic examination. 
Standardized periapical radiographs using the paralleling technique with a Rinn

 (Dentsply 
Rinn, Elgin, Illinois, USA) film holder were taken at IP, at PR, and at FU-1.  
 
Primary and secondary outcome variables 
The main response variable was the cumulative implant survival rate (CSR). Secondary 
outcomes variable included: PPD, BoP, PCR, MBL and  the C/I. 
Implant Survival 
Any implant that was removed after implant placement was considered as a failure, In addition, all 
implants not present at follow-up, for the “worst case scenario”, were considered as failed. CSR was 
calculated by dividing the number of non-failed by the number of installed implants. 
 
Clinical measurements 
PPD and BoP were assessed at four aspects per implant (mesial, distal, buccal and palatal) by using a 
periodontal probe. PPD was measured as the distance from the mucosal margin to the bottom of the 
probable pocket in mm. BoP was recorded as presence or absence of bleeding when probing to the 
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bottom of the pocket. The level of oral hygiene was evaluated using the Plaque Control Record 
(PCR) (O'Leary et al., 1972). Presence of plaque on the four surfaces of each investigated implant 
was recorded as being present or not.  
 
Marginal bone level alteration 
MBL was determined based on radiographs and expressed as the distance from the implant shoulder 
to the most coronal bone-to-implant contact on the mesial and distal side of the implant. An 
independent examiner performed all the radiographic measurements. The mean values were 
calculated for each implant. The change in MBL from IP and/or PR to FU-1 was calculated. 
 
Crown-to-implant ratio  
The height of the crowns was measured on the radiographs from the implant-abutment interface to 
the most coronal point on the crown.  A radiologist, independent from the investigational group, 
evaluated all radiographs. The C/I was calculated based on x-rays taken at FU-1. 
 
Statistical analysis 
The statistical software used was IBM SPSS (IBM Corp., Armonk, NY), StatXact (Cytel, 
Cambridge, MA, USA) and Excel (Microsoft, Redmond, WA, USA). The subject was the 
statistical unit. In addition, statistical analysis was also performed at the implant level. 
Independent variables recorded were patient age, gender, oral conditions, implant position, 
reason for tooth loss at the implant site.  A post-hoc power analysis was calculated for the 
secondary outcome variable MBL. A statistical power of 95% resulted to detect difference 
between the groups of 0.5 mm assuming a standard deviation of the change of 0.3mm. A 
parametric statistical approach was applied. For continuous data the Student –t test was used to 
compare the means  between  treatment groups (GG vs GS), Paired t-test was used to compare 
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changes within each treatment group. Fisher’s exact test was used for nominal data and survival 
rates. Also, nominal data were presented using descriptive statistics. C/I ratio in relation to MBL 
was calculated at implant level and the correlation was analyzed using the Spearman Rank 
Correlation  test. A P-value below 0.05 was considered as statistically significant. No adjustment 
for multiplicity was applied. 
 
Results 
The patient recruitment phase ranged from October 2009 to February 2011. Details on 
demographics, patient-reported outcome measures, surgical time and costs were reported 
earlier(Thoma et al., 2015a). A total of 101 subjects with 137 implants entered the clinical trial. 
Baseline demographics, reason for tooth loss at the implant site and oral conditions are 
summarized in Appendix 2. Implant sites distribution is presented in Appendix 3. Ninety-seven 
patients and 132 implants were available for re-evaluation at FU-1. Seven implants had no 
primary stability and the  2-stage surgery approach  was applied. Five implants were in group 
graft and 2 in group short. Patient flow and allocation is presented in Appendix 4. 
Implant survival 
All 132 implants in 97 patients examined at FU-1 were clinically stable, thereby providing a 
100% CSR. For the “worst case” scenario (all implants of patients not followed-up and therefore 
considered as failed), the CSR for GG was 98.6% (1 implant considered as lost) and for GS 
97.0% (2 implants considered as lost) (p>0.05).  
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Marginal bone level alterations (MBL) 
Between and within group analysis of MBLs at subject level are presented in Tab. 1. 
Radiographs of 52, 51 and 52 implants were available in the GG for the measurements of Δ (IP-
PR), Δ (IP- FU-1) and Δ (PR- FU-1) respectively; whereas for the GS , radiographs of 52, 43 and  
41 implants  were available for the measurements Δ (IP-PR) and Δ (IP- FU-1) and Δ (PR- FU-1)  
respectively.  A statistically significant loss of marginal bone was observed in both GG and GS 
from IP to PR, and from IP to FU-1. However, no significant changes were observed in MBL 
from PR to FU-1. The differences between GG and tGS were not statistically significant for 
MBL at any time point (Tab.1). Table 2 displays the distribution of MBL at implant level  
between the groups from IP to FU-1 and  from PR to FU-1. 
Cumulative representation of implants MBL distribution from PR to FU-1 is showed in Fig.2. 
 
Clinical measurements 
PPD measured at FU-1 was 2.3±1.4mm    and  2.8±0.9mm for GG and GS respectively and no 
statistically significant difference was observed (p=0.1). Also, no statistically significant 
differences were observed for PCR recorded at FU-1 between GG and GS (p=0.2). However, 
BoP recorded at FU-1 showed a statistically significant difference between the groups (p=0.038) 
with a higher number of subjects with BoP in GS The proportion of implants with BoP was 38% 
and 53% for GG and GS respectively (Tab 3).   
Since none of the implant with BoP presented a MBL >1 mm, according to the European 
Federation of Periodontology case definition (Sanz et al., 2012) these values represented the 
incidence of   peri-implant mucositis  observed after 12 months of loading. Bleeding surfaces 
distribution is presented in appendix 5. 
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Crown to implant ratio.  
The mean crown length was 11.85±1.7mm and 11.22±1.4 for the group graft and group short 
respectively, and the difference between the groups was statistically significant ( p=0.049). The 
mean C/I was 0.99 ±0.17  and 1.86 ± 0.23 for GG and GS respectively  and the difference in C/I  
between the groups was statistically significant (p<0.001; CI=95%: -0.96,-0.83). 
The distribution of MBL in relation to C/I for GG and GS group from IP to FU-1 and from PR to 
FU-I is presented in Fig. 3 and 4. The Spearman Rank Correlation coefficient between MBL and  
C/I was 0.21 (p=0.13) and -0.13 (p=0.38) for group GG and GS respectively and was not 
statistically significant.   
 
Discussion 
In the present multicenter randomized controlled study, the use of short implants in the treatment 
of atrophic posterior maxilla provided similar clinical and radiographic outcomes compared to 
long implants placed in combination with sinus grafting at one year of loading.  
The implant survival rate was not significantly different between the two groups. The CSR 
reported in the present study is consistent with previous reports on implants placed in 
combination with sinus grafting (Del Fabbro et al., 2013, Nkenke and Stelzle, 2009, Pjetursson et 
al., 2008) and on shorter implants in posterior maxilla (Pistilli et al., 2013, Gulje et al., 2014). In 
addition, short implants (<8mm) seem to provide similar short-term survival rate when compared 
to longer ones placed in combination with augmentation procedures based on systematic reviews 
and randomized controlled clinical trials(Esposito et al., 2014, Gulje et al., 2014, Lee et al., 2014, 
Thoma et al., 2015b). 
In order to guarantee long-term clinical service, the maintenance of a stable marginal bone level 
becomes more critical when short implants are used (Monje et al., 2013). MBL is a generally 
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accepted parameter to assess the bone response around dental implants (Salvi and Lang, 2004). 
The mean MBL reported in this study was -0.22±0.4mm and -0.37±0.59 mm for GS and GG 
respectively. In addition, 93% and 84% of the implants in the GS and GG group respectively, 
showed bone loss <0.5 mm from prosthesis insertion to the one-year follow-up. This level of 
MBL is smaller than what was reported by other studies using other types of short implants in 
the posterior regions (Renouard and Nisand, 2005) (Rossi et al., 2010, Pistilli et al., 2013); e.g. in 
a recently published study using a similar design, a mean MBL of -1.02±0.06 mm was shown 
for short implants placed in the posterior maxilla after 1 year of function (Pistilli et al., 2013).  
The small MBL observed in the present investigation is consistent with the data obtained with 
the same type of implant (Gulje et al., 2013, Gulje et al., 2014) and may be partly explained by 
the implant design and surface configuration. The implants used in this study features a platform 
switching connection. Several animal and human studies provide evidence that implants with a 
platform switching connection show significantly less MBL compared to implants with a butt 
joint connection (Chrcanovic et al., 2015). Also, the micro-threaded design in the most coronal 
aspect of the implant may explain the improved marginal bone response (Orsini et al., 2012). 
Clinical trials indicated greater resistance to marginal bone loss and maintenance of bone levels 
when the micro-threaded design extended to the neck of the implant (Shin et al., 2006, Bratu et 
al., 2009). The fluoride-modified micro-rough implant surfaces of the implant used in this trial 
showed to improved bone to implant contact both in vitro and in animal studies  (Berglundh et 
al., 2007). The fluoridated surface may play a role in providing a stable marginal bone level even 
in challenging clinical situations with a high C/I and poor bone quality (Berglundh et al., 2007, 
Ellingsen et al., 2004).  
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The study design allowed implants being left to heal  with a trans-mucosal abutment (1-stage). or 
submerged under the oral mucosa (2-stage).  The effect of 1-stage versus 2-stage approach on 
soft tissue and hard tissue remodeling was investigated previously on animal and clinical studies 
(Abrahamsson et al., 1999, Collaert and De Bruyn, 1998) and no difference was reported when 
comparing the two approaches.   
Soft tissue peri-implant conditions were assessed using PPD and BoP. Whereas PPD was similar 
between the groups, a significantly higher BoP was recorded for GS. This result was observed 
despite  there was no difference in PCR. The importance of BoP as a diagnostic index has been 
evaluated around teeth and implants (Luterbacher et al., 2000, Lang et al., 1986). Data indicate 
the absence of BoP had a very high negative predictive value for disease progression. 
Conversely, the significance of a single recording of positive BoP in determining disease 
progression is controversial (Lang et al., 1986).  Since no difference in MBL and PPD was 
observed between the groups, the higher value of BoP observed in the GS sample may have just 
trivial significance at this time point. Further evaluation is needed at a longer follow up.  
The presence of BoP with  marginal bone loss of 1 /1.5 mm, after the  remodeling phase post 
implant placement,  has been advocated as case definition for  peri-implantitis in prospective 
studies ( Sanz and Chapple 2012) . In the present trial only 4 implants  in the group graft 
presented MBL≤-1mm  from  PR to FU-1 ( Tab.2). However none of these implants reported 
sites with BoP . 
  
The C/I  has been always considered a critical factor  for long term success of implant supported 
restorations, and a C/I ranging between 0.5 to 1 was recommended  as ideal (Glantz and Nilner, 
1998). However, recent  systematic reviews and meta-analysis  were unable to confirm this 
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clinical recommendation. On the contrary, implants with unfavorable C/I  presented with a 
smaller MBL.  (Garaicoa-Pazmino et al., 2014, Blanes, 2009). The present investigation partly 
confirm these results.The C/I in the GS was significantly higher than in the GG  Despite this, no 
difference in MBL was observed between the groups. In addition, the correlation between C/I 
and MBL was not statistically significant. This outcome is even more relevant considering that 
all implants were restored with unsplinted single crowns. However, the lack of significant 
correlation between  C/I on  MBL  has to be taken with caution. In the present study the C/I was 
never higher that  2.5 (Fig.3) and in a recent report a significant marginal bone loss was observed 
only when the anatomical  and clinical crown to implant ratio was  higher than 3.4 and 3.1 
respectively (Malchiodi et al., 2014). Another factor that seems to be negatively  influenced by 
an unfavorable C/I, is the prevalence of prosthetic failures. In fact  a C/I  > 1.5 and crown high 
space >15mm may increase the risk of mechanical failure of the prosthetic components (Nissan 
et al., 2011, Quaranta et al., 2014) . 
In the present study the length of the anatomical crowns was 11.85±1.7mm and 11.22±1.4  for 
group graft and group short respectively , with significantly longer crowns in the group graft. 
However these values were lower than 15mm, considered a threshold value above which  an 
increased risk of prosthetic failure has been reported (Nissan et al., 2011, Quaranta et al., 2014). 
This may in part explain  why only 6 events of complications relative to abutment and screw 
failures were observed over the first year of function, with no difference between the 
groups(Thoma et al., 2015a). This is consistent with the results of Mezzomo et al. (Mezzomo et 
al., 2014) that in a systematic review and meta-analysis calculated  a 2,8% incidence of 
prosthetic complications ( CI 1.4-5,7%), when utilizing unsplinted restorations supported by 
shorter dental implants in the posterior region.  
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Within the limitations of this trial and the relatively short observation period of one year of 
loading, the clinical and radiographic outcomes indicate that both treatment options for the 
posterior atrophied maxilla were successful. Hence, this may contribute to a paradigm shift from 
sinus grafting with long implants to short implants for the treatment of this clinical condition.  
 
Conclusions  
Within the limitation of the present study, the obtained results indicate that short implants (6mm) 
provided a similar clinical and radiographic performance compared to longer implants (11-15 
mm) placed in combination with a sinus augmentation procedure (lateral window). In addition, 
the increased C/I reported for the GS seemed to have no detrimental effect on MBL and the 
prevalence of restorative complications during the 12 months of observation.  Longer follow up 
data are necessary to confirm these results. 
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group graft  from implant placement (IP) to the one-year follow-up (FU-1)  
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group graft from prosthesis insertion (PR) to the one-year follow- to (FU-1) vs Crown to Implant 
Ratio. Implant level analysis. 
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Tab.2. Distribution of marginal bone level alteration at implant level between groups from 
implant placement (IP) to the one-year follow-up (FU-1) and from prosthesis insertion (PR) to 
the one-year follow- to (FU-1). 
Tab.3 Proportion of implants BoP- positive at FU-1: between group comparison. 
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Tab. 1  
 
 
 
 
Marginal Bone Level Alteration (mm, Gain+/Loss -):  
Within Groups Comparison  (Subject level analysis) 
     MBL 
 
    Δ (IP-PR)  
 
Δ (IP-FU1)     Δ(PR-FU-1)   
GG 
N of subj. 
Mean(SD) 
p- value 
CI=95% 
 
41 
-0.22(0.4) 
p<0.01 
(-0.36,-0.07) 
 
41 
-0.39(0.62) 
p<0.001 
(-0.59,-0.2) 
 
41 
-0.16(0.62) 
p=0.1 
(-.03,0.03) 
  
GS 
N of  subj. 
Mean(SD) 
p-value 
CI=95% 
 
40 
-0.28(0.45) 
p<0.001 
(-0.43,-0.14) 
 
35 
-0.22(0.32) 
p<0.001 
(-0.33,-0.11) 
 
33 
0.02(0.3) 
p=0.73 
(-0.10,0.14) 
  
 
Marginal Bone Level Alteration(mm, Gain+/Loss -): 
Between Groups Comparison  (Subject level analysis) 
MBL 
Δ 
GG 
Mean(SD) 
n. of subjects 
GS 
Mean(SD) 
n. of subjects 
 
p-value 
Confidence 
Interval 
CI=95% 
 
 
Δ  (IP-PR) 
 
 
-0.22(0.46) 
n=41 
 
-0.28(0.45) 
n=40 
 
P=0.55 
 
(-0.14;0.26) 
 
 
Δ  (IP-FU-1) 
 
 
-0.39(0.69) 
n=41 
 
-0.22(0.32) 
n=35 
 
P=0.14 
 
(-0.4;0.06) 
 
 
Δ (PR-FU-1) 
 
 
-0.16(0.62) 
n=41 
 
0.02(0.36) 
n=33 
 
P=0.26 
 
(-0.38;0.1) 
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Tab. 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tab.3 
 
 
 
 
 
 
Marginal Bone Level Alteration: Implant Distribution 
MBL interval (mm) Δ  IP –FU-1 Δ  PR –FU-1  
Gain+/loss- GG 
n. of implants 
GS 
n. of implants 
GG 
n. of implants 
GS 
n. of implants 
 
-2.5<MBL≤-2 
 
2 0 1 0  
-2<MBL≤-1.5 
 
2 0 2 0  
-1.5<MBL≤-1 
 
2 1 1 0  
-1<MBL≤-0.5 
 
8 7 4 3  
-0.5<MBL≤0 
 
35 34 30 25  
0<MBL≤0.5 
 
1 1 11 8  
0.5<MBL≤1 
 
1 0 2 5  
1<MBL≤1.5 
 
0 0 1 0  
1.5<MBL≤2 
 
0 0 0 0  
2<MBL≤2.5 0 0 0 0  
      
Total 51 43 52 41  
Proportion of Implants with BoP+  at FU-1 
 GG 
n.of implants (%) 
 
 
 
GS 
n.of implants (%) 
P value 
 
BoP+ 27(38%) 36(53%)  
p=0.034 
(Fisher-exact  test) 
BoP- 41(58%) 25(37%) 
Missing 2 6 
Total 70 67 
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 Appendix 1: Study procedures and time lines. 
 
 
 
 
 
 
Study Procedures and Time Lines 
 Screening 
(SC) 
Implant 
placement 
(IP) 
Suture 
removal 
(SR) 
 
Impression 
(IM) 
 
Insertion of 
prosthetic 
reconstruction\ 
(PR) 
  
1-year  
follow-up  
(FU-1) 
 
Time Lines   IP+1-2w IP+26w 
(±7days) 
IP+26-30 w 
(±7days) 
IP+12 m (±1 m) 
Informed consent x      
Subject 
demographics 
x      
Medical/Surgical 
history 
x      
Inclusion/Exclusion 
criteria 
x      
Oral examination x      
Randomization  x     
Radiographic 
examination 
x x   x x 
OHIP-49 x  x  x x 
Condition of 
periimplant 
mucosa (BOP, 
PPD) 
     x 
Plaque control 
records (PCR) 
     x 
Health economics x x     
AE/ADE  x x x x x 
Implant stability  x  x x x 
Clinical 
photography 
x x x x x x 
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Appendix 2: Demographics  
 
Demographics of  the study population 
 Group Graft 
(GG) 
Group Short 
(GS) 
Total P-value 
N. of Implants 70 67 137  
N. of Subjects 51 50 101  
Age 
mean±SD 
(Range) 
51±12.8 
(20-77) 
50±14.05 
(23-76) 
55.5 
(20-77) 
>0.7 
Student -t 
Gender 23     28 
F         M 
29      21 
F         M 
52      49 
F         M 
0.27 
Chi-Square 
Smoking Status 
 
NS 
FS  
S 
 
 
23(45%)          
15(29%) 
13(26%) 
 
 
32(64%) 
10(10%) 
8(16%) 
 
 
55           
25 
21 
 
 
 
 
 
>0.16 
Chi-Square 
Reason for tooth loss 
Caries/endodontics 
Periodontics 
Trauma 
Others 
Not Known 
 
58 
5 
1 
2 
5 
 
62 
2 
0 
3 
4 
 
 120 
 7 
 1 
 5 
 9 
 
 
Oral Conditions 
 
 
Hyperkeratosis 
 
Hyperplasia 
 
Leukoplakia 
 
Periodontitis 
 
Bruxism 
 
Other 
 
 
 
0 
 
0 
1 
 
12 
 
0 
 
1 
 
 
 
 
 
 
 
0 
 
0 
0 
 
9 
 
1 
 
2 
 
 
 
  
 
0 
 
0 
1 
 
21 
 
1 
 
3 
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Appendix 3: Implant sites distribution 
 
 
 
 
 
 
 
IMPLANT SITES DISTRIBUTION 
TOOTH 
SITE 
14 15 16 17 24 25 26 27 
GG 
Group Graft 
0 6 21 6 4 10 18 5 
 
GS 
Group Short 
3 11 23 4 0 6 13 7 
 
TOTAL 3 17 44 10 4 16 31 12 
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Appendix 4: Patient flow and allocation. 
 
Patients  Flow and Allocation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Assessed for eligibility  
(subjects n=101) 
Excluded n=0 
   Not meeting inclusion criteria n= 0 
   Declined to participate n= 0 
   Other reasons n=0 
Analysed (subjects n=47 Group Short) 
                (implants n=63 Group Short) 
 Excluded from analysis (n= 0 ) 
Lost to follow-up (subjects n=3 Group Short) 
1 subject deceased (2 implants) 
2 subjects lost to follow-up, 1 implant each (2 implants) 
Discontinued intervention  (n=0) 
Allocated to intervention (subjects n= 50 Group Short) 
 Received allocated intervention (subjects n= 50) 
       (implants n= 67) 
 Did not receive allocated intervention n=0 
Lost to follow-up  (subjects n=1 Group Graft) 
1 subject lost to follow-up (1 implant) 
Discontinued intervention  (n=0) 
Allocated to intervention (subjects n= 51 Group Graft)   
 Received allocated intervention (subjects n= 51) 
       (implants n= 70) 
 Did not receive allocated intervention n= 0 
Analysed (subjects n=50 Group Graft) 
                (implants n=69 Group Graft) 
 Excluded from analysis  (n= 0 ) 
 
Allocation 
Analysis 
Follow-Up 1 year 
Randomized 
 (subjects n=101) 
(implants n=137) 
 
i 
 
Enrollment 
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Appendix 5: Distribution of sites with BoP 
Distribution of surfaces with BoP. 
 Group 
Graft 
 
Group 
Short 
 
 Total   
Number of surfaces 272 244 515   
Number of surfaces 
with BoP 
42 54 96   
Proportion of 
surfaces with BoP 
(%) 
15.4 22.1 18.6   
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